Conclusion: US could detect more invasive, node-positive, multifocal NPBC in hospital-based asymptomatic Chinese female, who could achieve comparable 10-year DFS and OS as MG-detected NPBC. US would not delay early detection of NPBC with improved cost-effectiveness, thus could serve as the feasible initial imaging modality in hospital-based opportunistic screening among Chinese women.
INTRODUCTION
Breast cancer is now the most common cancer in Chinese women, and the leading cause of cancer death in women younger than 45 years [1, 2] . Chinese women usually have smaller and denser breasts compared to Caucasian counterparts [1, 3, 4] , which would reduce the diagnostic accuracy of mammography (MG) [5] .
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The younger median age at breast cancer diagnosis in Chinese women compared with females in high-income countries also makes MG less effective in breast cancer detection [6, 7] . Given the huge population in China with its geographic diversity, urban rural disparity, and the demographic epidemiology of developing breast cancer, screening strategy might be different from the annual/ biennial mammographic screening in the Western world. The current mainstay modality of breast cancer early detection in China is the hospital-based opportunistic screening among asymptomatic self-referred women.
Milestone studies showed that ultrasound (US) was not only a useful supplementary imaging tool of MG for women with dense breast or elevated risk [8] [9] [10] [11] [12] [13] [14] , but an effective primary screening test for breast cancer both in the western world and in China [7, [15] [16] [17] [18] . US was widely used as initial imaging test for breast detection in hospitals in China, and also designated as the primary screening tool in the standard protocol of the Two Cancers Screening Project jointly launched by the National Health and Family Planning Commission (former Ministry of Health of China) and the All-China Women's Federation [19] [20] [21] [22] . However, there is little data about the specific features and prognosis of the US-detected non-palpable breast cancer (NPBC) in hospital-based Chinese population. Thus, we performed this study to compare the clinicopathological characteristics and the long-term survival of US-detected and MG-detected NPBC in Chinese women.
RESULTS

Descriptive information of the study cohort
A total of 4,574 patients with positive screening imaging test (defined as BI-RADS 4 and 5) underwent biopsies, including 3,786 US-guided biopsies and 788 MG-guided biopsies as described in METHOD. 729 NPBC were diagnosed with 588 US-detected NPBC and 141 MG-detected NPBC, thus the positive predictive value (PPV) of US-guided biopsy was 15.5% and the PPV of MG-guided biopsy was 17.9%. After excluding 16 US-NPBC patients and 14 MG-NPBC patients whose clinicopathological information were missing, 699 NPBC patients including 572 US-NPBC and 127 MG-NPBC were analyzed in the study, comprising 7.9% of contemporary 8,821 breast cancer treated in PUMC Hospital. 680 patients (97.3%) were treated during the recent ten years (2005-2014) while 551 patients (78.8%) were treated during the recent five years (2010-2014). 462 patients (66.1%) were pre-menopausal and 237 (33.9%) post-menopausal. With a median follow-up time of 36 months (6-163 months, mean 42 months), 32 patients including 27 US-NPBC and 5 MG-NPBC developed recurrence or metastasis. Nine patients who were all detected by US passed away including 6 breast cancer related deaths and 3 deaths due to other cause ( Figure 1 ). 
Comparison of clinicopathological characteristics between US detected NPBC and MG-detected NPBC
Survival outcomes and prognostic factors of NPBC
The 10-year Kaplan-Meier estimated disease free survival (DFS) of all NPBC patients, US-NPBC and MG-NPBC were 91.0%, 90.6% and 92.7%, whereas the 10-year overall survival (OS) were 96.9%, 96.1% and 100.0% respectively. As for the ductal carcinoma in situ (DCIS), the 10-year Kaplan-Meier estimated DFS of US-DCIS-NPBC and MG-DCIS-NPBC were 100.0% and 93.8%, whereas the 10-year OS were both 100.0%. The 10-year Kaplan-Meier estimated DFS of invasive US-NPBC and invasive MG-NPBC were 88.6% and 92.0%, whereas the 10-year OS were 95.2% and 100.0% respectively. There was no significant difference in 10-year DFS or OS between US-and MG-detected NPBC, between US-and MG-detected DCIS or between US-and MG-detected invasive NPBC ( Figure 2 , Table 2 ).
DFS prognostic factor for both all NPBC included pT (p=0.018), pN (p=0.040), laterality (also bilateral cancers, p<0.001) and p53 status (p=0.010) ( Table 3) , and these same four factors were also identified as the DFS related factors for US-detected NPBC (Table 4) . LVI, ER, PR, hormone receptor status, immunophenotype, chemotherapy and endocrine therapy might be potential DFS predictors for both all NPBC and US-detected NPBC according to univariate analysis. However, these factors were not significant in the multivariate analysis. None of the clinicopathological and treatment factors listed above could serve as MG-NPBC DFS factors, or as OS predictors due to the limited events.
DISCUSSION
Breast cancer incidence has increased rapidly in the past two decades and is now the most common cancer among women in China. Given the immense scale of the Chinese population with diversity, study showed that it might take 40 years to screen each woman in the target age group once [2] . The former Ministry of Health of China and All-China Women's Federation jointly launched a 3-year (2009-2011) national project which provided free breast cancer screening for 1.46 million rural women aged 35-59 years [7, [19] [20] [21] [22] . The 3-year second phase (2012-2015) of this project was to provide free breast cancer screening for 6 million rural women aged 35-64 years [7, 23] . Six million women was a huge screening cohort, however, it only comprised 0.90% (6 million/667.03 million) of all female in China. OS between US-and MG-detected NPBC (Figure 2A, 2B ), between US-and MG-detected ductal carcinoma in situ (DCIS, Figure 2C ), or between US-and MG-detected invasive NPBC ( Figure 2D, 2E) . Please note that the figure for comparison of US-vs MG-detected DCIS NPBC was unavailable because the OS of US-and MG-detected DCIS NPBC were both 100%, with all patients alive. The US-detected NPBC could achieve similar 10-year DFS and OS compared to MG-detected counterparts. www.impactjournals.com/oncotarget With a cross-sectional assumption and estimated with the current breast cancer incidence of 30-40/ten thousand in rural areas of China, there would be approximately 1,800-2,400 screening detected breast cancer to be diagnosed out of these 6 million women in one year. However, it only comprised 0.67%-0.89% (1,800-2,400/268.6 thousand) of all newly-diagnosed female breast cancer in 2015 [2] . In Beijing, Shanghai and other cities in China, medical insurance of various sorts would usually cover most of the expenses when asymptomatic women intentionally ask for breast physical examination and screening imaging tests in hospital. So in the current diversified breast cancer screening in China, hospital-based opportunistic screening among asymptomatic women is still the mainstay measure.
Ultrasound has the advantages of portability, inexpensiveness, nonradioactive and improved sensitivity in women with dense breasts. It is widely accepted that US is an useful supplementary tool for MG in women with dense breast or elevated risk [8] [9] [10] [11] [12] [13] [14] , Berg WA et al. showed in the ACRIN 6666 trial that adding a single screening US to MG would yield an additional 1.1 to 7.2 breast cancers per 1000 high-risk women, also with increase of the false positives [8] . Kolb TM et al. showed that screening US could depict small, early-stage, MG-occult cancers similar in size and stage to MG-NPBC and smaller and lower in stage than palpable cancers in dense breasts [13] . Similar benefit of US as an adjunct to screening MG was reported in women with increased risk and dense breasts [11] with 15% additional detection of the MG occult breast cancers [14] as well as lethal breast cancers [24] . A systematic review showed that supplemental US in women with dense breast tissue permitted detection of small, otherwise occult breast cancers. Potential adverse impact was increased biopsy rate. Moreover, US is currently regarded as effective primary screening test for breast cancer [7, [15] [16] [17] [18] . Benson SR et al. evaluated US as a first-line diagnostic tool and revealed that US is significantly better than MG for detecting invasive breast cancer [17] . Berg WA et al. pushed the ACRIN 6666 trial to a higher level showing that cancer detection rate with US is comparable with MG, with more invasive and node-negative cancers and more false positives [15, 16] . A small-sample-size prospective double-blind study showed that primary US is capable of detecting NPBC in asymptomatic women at an early stage with acceptable rate of false positive [18] . In our previous studies, we showed with a multi-center randomized controlled trial that US would be the preferred imaging test for breast cancer screening in high risk Chinese women [7] , and be more sensitive than MG (100.0% vs 57.1%, P=0.04) with improved diagnostic accuracy (0.999 vs 0.766, P=0.01). There was no difference between MG and US in specificity (100% vs 99.9%, P=0.51) and PPV (72.7% vs 70.0%; P=0.87). US would cost approximately $20-30USD while MG cost $65-75USD. To detect one breast cancer, the costs of US, MG, and combined modality were $7876, $45,253, and $21,599 USD, respectively [7] . Thus, although MG is still recommend as the initial/primary imaging test for breast cancer screening according to the Chinese AntiCancer Association Guidelines [25] , US had been officially designated to be the initial imaging test for breast cancer screening in the national 'Two Cancer Screening' campaign in China [7, 26] . However, few studies had reported clinical and pathological features of US-detected NPBC as well as its long term survival prognosis.
Screen-detected breast cancers could occasionally be palpable in patients unaware of the symptom, however, most of the screen-detected cancers are NPBC in asymptomatic women. Although there are concerns about over-diagnosis of screen-detected NPBC based on natural history observation cohort study that some breast cancer might regress or never progress [27, 28] , the association between screen-detected DCIS and subsequent invasive interval cancers suggests that detection and treatment of DCIS is still worthwhile in prevention of future invasive disease [29] . Currently the treatment strategy of NPBC is made according to palpable cancers of similar stage, subtype and grade [30] . Bae MS et al. reported comparison study between 807 MG-detected NPBC vs 256 US-detected NPBC [31] . However, the 807 (MG+/US not done) NPBC would include some MG+/US-NPBC and majority of MG+/US+ NPBC patients, while the 256 US-detected NPBC patients were all MG-/US+. Similarly in our study, there would also be MG+/US+ double positive NPBC patients in the (US+/MG not done) group. Factors of early detection level such as pT and pN stage were identified as DFS predictors instead of factors revealing disease nature such as the molecular subtype. Laterality was also identified as DFS factors because the contralateral breast cancer might not be NPBC and thus affect the survival. Overall, US could detect more invasive, lymph node positive, low grade tumor, multifocal cancer and still the survival results showed no difference between US and MG detected NPBC. This might explained by the more intensive treatment. For example, there were significantly more US-NPBC patients received chemotherapy (40.7% vs 21.3%, p<0.001).
There are several limitations in our study. Firstly, there is no uniform national breast cancer screening currently in China, and patients with positive US were screened by multi-modalities. So there was no data about the estimated 1.8-2.4 million women out of whom these NPBC patients were diagnosed. Secondly, there were NPBC patients detected by both US and MG who did not have dense breasts, and NPBC patients detected by US only but did not receive MG. These NPBC were all counted as US-NPBC, however, a small portion of these NPBC could also be visualized by MG. Thirdly, it seemed to make more sense to compare NPBC only detected by US versus NPBC only detected by MG. However, NPBC only detected by US but not by MG was difficult to identify and such comparison would exclude patients with dense breasts who did not receive mammogram. Fourthly, in our study cohort, there supposed to be more women with elevated risk such as family history of cancer, previous breast biopsy for benign diseases or hormone replacement therapy, and more women of more advantageous socioeconomic status and easy access to medical resources. This would result in selection bias. Last but not the least, it was a retrospective non-randomized single-center study with limited case number and follow-up time, so there were not enough OS events to identify OS prognostic factors.
In conclusion, our study revealed that compared to MG, US could detect more invasive, node-positive, multifocal NPBC as initial screening test in hospitalbased asymptomatic Chinese women, who could achieve comparable 10-year DFS and OS of MG-detected NPBC. US would not delay the early detection of NPBC with improved cost-effectiveness, and thus could serve as the feasible primary imaging modality in hospital-based opportunistic screening among Chinese women.
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This study was approved by the Ethics Committee of the Peking Union Medical College Hospital, Chinese Academy of Medical Sciences.
Patient selection, pathology review and follow-up
From January 2001 to December 2014, 4,574 asymptomatic patients with positive screening imaging US or MG (defined as BI-RADS 4 and 5) underwent biopsies in PUMC Hospital according to the medical records searching. These "screening positive" patients included self-referred women who came to PUMC Hospital, other hospitals or healthcare institutions in China for opportunistic screening and later came to the breast clinics in PUMC Hospital as "screening positive" for biopsy or surgery. Women enrolled in this study were all self-referred without randomization and asymptomatic without palpable breast mass or nipple discharge. Other "screening positive" patients were women enrolled in the community-based Two Cancer Screening Project in Beijing and in China [20, 21, 23] and transferred to PUMC Hospital with the positive finding. About 1/3 of the patients were local from Beijing, and the other 2/3 from other provinces in China. USguided biopsy was performed for the US positive patients, regardless of the result of mammogram while MG-guided biopsy was performed only for the MG-positive USnegative patients (Figure 1) . 729 NPBC were diagnosed with 588 US-detected NPBC and 141 MG-detected NPBC out of a total 1.8-2.4 million asymptomatic women participated in the hospital-based screening estimated with the breast cancer incidence of 30-40/ten thousand in rural areas of China [2] . All NPBC patients' formalinfixed paraffin-embedded (FFPE) pathological sections were reviewed to confirm the diagnosis. All patients were followed by telephone call, by out-patient clinics records of follow-up examinations or by both measures. 30 patients including 16 US-NPBC and 14 MG-NPBC were excluded due to missing clinicopathological data. The clinicopathological characteristics, treatment choice, DFS and OS were compared between US-detected NPBC and MG-detected NPBC (Table 1 ) and the prognostic factors were identified respectively (Table 3, 4, Figure 2 ).
Statistical analysis
The quantitative variables were compared with t-test and the categorical variables were compared with chi-square tests. Survival outcomes including 10-year predicted DFS and OS were analyzed and compared by the Kaplan-Meier curve method. Kaplan-Meier univariate analyses and Cox multivariate analyses were performed to identify the DFS and OS prognostic factors for all NPBC, US-detected NPBC and MG-detected NPBC respectively. The significance threshold was set at p<0.05. SPSS software, version 18.0 (SPSS, Inc. Chicago, IL, US) was used for all of the statistical analyses.
